Objective: To determine and compare treatment outcomes between cobalt-60 (Co-60) and high dose rate (HDR) brachytherapy in stage IB2-IIIB cervical cancer patients at Department of Radiology, Faculty of Medicine Vajira Hospital, Navamindrahiraj University. Methods: A retrospective cohort study of patients diagnosed with cervical cancer and treated with radiotherapy at the Department of Radiation Oncology, Faculty of Medicine Vajira Hospital between 2004 and 2014. Survival rate was analyzed by Kaplan-Meier method and were compared between groups with log-rank test. Multivariate analysis was performed using Cox proportional hazards model. Results: A total of 480 patients with cervical cancer and treated with radiotherapy were included, 274 patients for Ir-192 group and 206 patients for Co-60 group. The 2-and 5-year disease-free survival rate in Ir-192 group were 80.4% and 73.1% and in Co-60 group were 82.5% and 74.7%, respectively (p=0.365). Overall survival rates at 2 and 5 years were 89.4% and 77% of the Ir-192 group, and 91.6% and 81.9% in the Co-60 group, respectively (p=0.238). The complications were primarily grade 1 or 2. Grade 3 and 4 complications were found in 13 of 274 and 7 of 206 in respectively (p=0.232). Grade and clinical stage of cancer significantly affected the survival outcome. Conclusion: Cervical cancer patients who were treated with HDR Co-60 brachytherapy were comparable in survival and toxicity outcomes of those with HDR Ir-192 brachytherapy. Co-60 source has lots of economic advantages over Ir-192 and hence suitable for low resource radiotherapy setting.
INTRODUCTION
Cervical cancer is a major world health problem for women. It is the 9th most common cancer worldwide. The global yearly incidence of cervical cancer for 2015 was 526,000; the annual death rate was 239,000 [1] . In Thailand, it is the second most common cancer and most common leading cause of cancer death among women with an estimated incidence rate of 18.1 per 100,000 women [2] .
The important prognostic factors for cervical cancer are tumor volume, clinical staging, histology, age and treatment modality [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Cervical cancer is a highly curable disease. Intracavitary brachytherapy (ICBT) with external beam radiotherapy (EBRT) is an essential component in the curative treatment of cervical cancer and has a high therapeutic index by delivering a high dose for the tumor and lower dose to adjacent organs, resulting in an increase in local control and survival without an in increase in toxicity [16] .
High dose rate (HDR) brachytherapy is now accepted for cervical cancer treatment. The specific advantage over low dose rate (LDR) brachytherapy is its convenience and applicability in outpatient basis. In the past, the production of small sources for HDR was possible only for sources. This resulted in a widespread use of Ir-192 sources in HDR brachytherapy. However, the Ir-192 HDR system is costly due to its short halflife, only 74 days, requiring extensive source change at 3-months intervals.
Cobalt-60 (Co-60) source in HDR brachytherapy is not popular because the size of earlier version of Co-60 source was larger than Ir-192 [17] . Currently, miniaturized Co-60 source is available with geometrical dimensions identical to those of Ir-192 sources. The equivalence to Ir-192 sources has been demonstrated in relation to physical data, source construction, and dose distribution of a single source, besides clinically applied more complex dose distributions [18] [19] [20] [21] [22] [23] [24] [25] .
New system using a miniaturized Co-60 source is getting very popular [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . This is due to the fact that Co-60 sources attain the advantage of a longer half-life (5.3 years), requiring source replacement approximately every 5 years. This represents a significant advantage from Co-60 source by having a reduction of resource sparing transport of radioactive source into countries, change and disposal of the sources, quality assurance regulatory requirements, and additional workload [30] . Co-60 then offers logistical and economical save.
In carcinoma of the cervix, the response to radiotherapy is clearly dose-dependent; as the dose increases, so does the probability of tumor control. However, the risk of damage and late complications in normal tissues also increase with the dose usage. The higher energy of 1.25 MeV of Co-60 compared with 0.397 MeV of Ir-192 raises several concerns about efficacy, toxicity and quality of life of the patients who are treated with Co-60 source in HDR brachytherapy when compared with Ir-192 source.
The objective of this study is to determine and compare treatment outcomes between Co-60 and Ir-192 HDR brachytherapy in stage IB2-IIIB cervical cancer patients treated at Radiation Oncology Unit of Vajira Hospital, Navamindrahiraj University in term of disease-free survival (DFS), survival response rate and complication to radiation therapy. The results of this study are the initial guide to improve efficacy, reduce toxicity and enhance quality of life.
MATERIALS AND METHODS
The authors retrospectively studied the data of 480 patients who were diagnosed with cervical cancer and treated with radiotherapy at the Department of Radiation Oncology, Faculty of Medicine Vajira Hospital, Navamindrahiraj University between January 2004 and December 2014 were selected. The numbers of 274 patients were treated with Ir-192 and 206 patients
Eligibility criteria
Criteria of inclusion for study were patients who had histologic diagnosis of International Federation of Gynecology and Obstetrics (FIGO) stage IB2-IIIB cervical cancer and treated with radiation therapy alone or concurrent chemoradiation therapy completely. Patients were excluded if they had histopathology of neuroendocrine or clear cell, history of cancer in other organs, uncontrolled medical illness e.g., chronic renal failure or human immunodeficiency virus infection.
Treatment modality
All patients were treated with a combination of external and intracavitary irradiation. Total dose was calculated based on equivalent total dose in 2 Gy fraction (EQD2) of external beam + EQD2Gy HDR brachytherapy = Total dose to point A (80-90 Gy) and delivered to the point A. Whole pelvis was treated to a total dose of 45 Gy in 5 weeks. Patients were treated once a day, 5 days a week with a daily fraction size of 1.8-2 Gy. A midline block might be used at the discretion of the treating radiation oncologist, using either parallel-opposed antero-posterior or four field box technique. The parametrium and pelvic side walls were boosted up to 54-60 Gy according to the staging. HDR brachytherapy might start as early in the third week. When HDR brachytherapy began, at least one insertion was performed per week with no external beam therapy given on the day of the insertion. If most of the external beam radiation had been given, then 2 insertions per week could be done and separated by at least 72 hours in order to complete all treatments within 8 weeks. The usage of 3 to 5 fractions of 6.5-7.5 Gy each to point A depended on tumor volume. The point A, bladder point and rectal point was defined in accordance with ICRU 38.
Assessment and treatment outcomes
All patients were followed-up to receive pelvic examination every 3 months during the first 2 years then every 6 months until death. Tumor response was determined from pelvic examination and confirmed by biopsy at 3 months after completion of treatment. The primary outcome was 2-year and 5-year overall survival (OS). The secondary outcomes were 2-and 5-year DFS, response rate and complication rate. OS was obtained from the 1st date of treatment to the date of death from all causes or the last follow-up. DFS was calculated from the 1st date of treatment until date of disease progression or recurrence. Patients who lost a follow-up, DFS data were right-censored at the time of the last follow-up. Acute complication for gastrointestinal (GI) and genitourinary (GU) systems were graded by the radiation oncologist during a course of treatment until 6 months after the completion of therapy. Late complications were graded after 6 months of treatment. All toxicities were recorded following RTOG/EORTC toxicity criteria [31] .
Statistical methods
All data were analyzed using SPSS statistical analysis for Windows (version 22.0; IBM Corp., Armonk, NY, USA). Data were compared by χ 2 test and Fisher's exact test. DFS and OS were analyzed by Kaplan-Meier method and were compared between groups with log-rank test. Multivariate analysis was performed using Cox proportional hazards model. All p-values were 2 sided, and p-value less than 0.05 was considered statistically significant.
RESULTS
The total number of cervical cancer patients eligible for inclusion in the present study was 274 for Ir-192 group and 206 for Co-60 group. Baseline patient characteristics are shown in Table 1 . The patient's characteristics between these 2 arms were comparable. The median follow-up time for Ir-192 and Co-60 treated patients was 74 and 36 months, respectively. The mean age at the time of diagnosis was 53.98 year in Ir-192 group and 53.41 year in Co-60 group.
Treatment modality data which 480 cervix cancer patients were received is shown in Table 2 .
In the Ir-192 group, the percentage of tumor recurrence was not significantly different with the Co-60 group (p=0.215). The relapse pattern of both groups are summarized in Table 3 . The 2-and 5-year DFS rate in Ir-192 group were 80.4% and 73.1% and in Co-60 group were 82.5% and 74.7%, respectively (p=0.365; Fig. 1 ). The survival rates are shown in Fig. 2 . OS rates at 2 and 5 years were 89.4% and 77% of the Ir-192 group, and 91.6% and 81.9% in the Co-60 group, respectively (p=0.238). No statistically significant differences were found in OS, recurrent rate and DFS between the Ir-192 and Co-60 groups. Radiation related complications are shown in Table 4 . The radiation toxicities were similar in both groups ranging from 1% to 14.6%. The complications were primarily grade 1 or 2. Acute GI toxicity was most commonly recorded in 34 (12.4%) patients having grade 1, while 1 (0.4%) had grade 2 GI toxicity in Ir-192 group and in 11(12%) patients having grade 1, while no patients had grade 2 toxicity in Co-60 group, respectively. Grade 3 and 4 complications were found in 13 of 274 and 7 of 206 in Ir-192 and Co-60 groups, respectively (p=0.23). GI toxicity was also the most common late reaction experienced by 3.7% and 2.4% of patients in Ir-192 and Co-60 groups, respectively.
The univariate and multivariate analysis showed the same results ( Table 5 ). The histopathologic grade and clinical stage were factors which statistically influenced survival rate significantly in both Ir-192 group and Co-60 group (p<0.001).
DISCUSSION
EBRT combined with brachytherapy is the standard treatment modality of most patients with cervical cancer. Since early 1960s, Henschke et al. and O'connell et al. introduced HDR remote after loading brachytherapy [32, 33] . Nowadays, this technique has been accepted as a standard method of delivering brachytherapy. Ir-192 HDR brachytherapy has been widely used for a long time; miniaturized Co-60 HDR brachytherapy has been introduced in the past few years and is getting popular owing to its long half-life which is a lot more economical and attractive for low resource setting. Its equivalence to Ir-192 sources has been demonstrated in relation to physical data, source construction, and dose distribution of a single source and clinically applied more complex dose distributions [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Several researches published their experience using Co-60 HDR brachytherapy in cervical cancer treatment with favorable result [29, 30, 34] . However, to our knowledge, this is the first study which has revealed the results of curative effects and complication for a period of 5 years for cervical cancer patients treated with Ir-192 or Co-60 HDR brachytherapy combined with EBRT.
In the present study, no statistically significant differences in 5-year DFS rate and 5-year OS rate were found in Ir-192 group and Co-60 group, the 5-year DFS and 5-year OS of patients in Ir-192 group and Co-60 group were 73.1%, 74.7%, 77%, and 81.9%, respectively, in line with other studies [35] . Five-year OS rate for stage I, II, and III of patients in Ir-192 group were 100%, 83.8%, and 66.4%, respectively, and in Co-60 group were 100%, 88.8%, and 65.9%, respectively. The survival outcome was favorable compared with 5-year OS for stage I, II, and III of 80%-93%, 58%-63% and 32%-35%, respectively as reported by the American Joint Committee on Cancer [36] .
However, the higher energy of 1.25 MeV of Co-60 compared with 0.6 MeV for Ir-192 raises concerns of possible increase in toxicity to patients. Combined teletherapy along with HDR Co-60 brachytherapy for the cervical cancer demonstrated a slightly higher incidence of grade 2 radiation proctitis [37] . In contrast, our results have shown that acute-late GI and GU toxicity within 5 years from HDR brachytherapy with Co-60 radionuclide source in treatment of cervical cancer was low and comparable with Ir-192 HDR source.
Significant cost saving may be achieved with Co-60 since source replacements are required every 5-6 years compared with Ir-192 where new sources are needed every 3-4 months. Equipment down-time and physics support that time is also reduced by around 40% with Co-60 in comparison with . The estimate cost of 20 Ir-192 sources for 5 years is Thai Baht (THB) 7,000,000. Although the cost for single Co-60 source is THB 3,000,000. The cost saving for 5-year period with Co-60 source is approximately THB 4,000,000 [38] . The infrequent source changes may allow greater access to brachytherapy which would be most impactful for optimal care of cervical cancer patients. HDR Co-60 brachytherapy may be most beneficial in low-and middle-incomes countries with limited resources.
On the other hand, source change to Co-60 has to increase shielding because the energy of Co-60 source is higher compared with Ir-192. In future studies, shielding cost should be considered in cost-effective analysis.
Cervical cancer patients who were treated with Co-60 HDR brachytherapy were comparable in survival and toxicity outcomes with Ir-192 HDR brachytherapy. Co-60 source has lots of economic advantages over Ir-192 and hence suitable for low resource radiotherapy setting.
